The two main functions of bird song are territory defence and mate attraction.
Considerable progress has been made in understanding how species adjust the use of songs to serve these and other (presumed) functions of bird song, but the striking variety of singing behavior observable in wild birds remains enigmatic. Some species make do with simple songs and small repertoires, while others show large, complex repertoires and still others have evolved several distinct singing styles. In most species with distinct singing styles, however, the functions of singing styles are poorly understood. Two distinct singing styles (type I and II, respectively) have long been known in the reed bunting Emberiza schoeniclus, while a new third one has recently been reported to exist.
We first quantitatively investigated the evidence for the existence of three singing styles.
Then, we tested predictions of the mate attraction hypothesis, the mate guarding hypothesis and the territory defence hypothesis by examining the relations between singing style use with social and temporal factors. Cluster and discriminant analyses supported the existence of three (instead of two) singing styles, which could be differentiated based on four variables referring to song structure and complexity. Use of singing styles was related to male mating status (consistent with the mate attraction hypothesis), but not to female breeding stage (no support for the mate guarding hypothesis). Finally, use of singing styles differed in relation to time of day, with the dawn chorus of paired reed buntings consisting almost exclusively of songs of the recently discovered type III singing style and daytime singing primarily consisting of songs of long-known type I (in unpaired males) or II singing styles (in paired males). Our findings suggest that one singing style (type I) primarily serves to attract a social mate, although an additional territorial function of this singing style cannot be dismissed. The function(s) of the other two singing styles, both only sung by paired males, are not related to attraction of a social mate or to the own female's fertility, but appear to be important in the context of territory defence and extra-pair matings.
3
Males of most temperate songbird species sing intensively at least during some periods of the breeding season and the two main functions of this song outburst are territory defence and mate attraction (Collins 2004, Catchpole and Slater 2008) . Despite an increasing body of studies on avian communication still relatively little is known on how species adjust the use of songs to serve these functions (Kroodsma and Byers 1991) . Many songbird species have song repertoires consisting of few (chaffinch Fringilla coelebs, Slater 1981 , e.g. white-crowned sparrow Zonotrichia leucophrys, Chilton and Lein 1996) to many (brown thrasher Toxostoma rufum, Kroodsma and Parker 1977, nightingale Luscinia megarhynchos, Kipper et al. 2004 ) different songs per male, with single songs differing in the types and the arrangement of syllables, but being otherwise more or less similar in length or tempo. Depending on the social and temporal contexts, respectively, males of such species may make use of their songs in various ways, for example by increasing song output in the early morning hours before sunrise (referred to as dawn chorus) , Kunc et al. 2005a or by combining the songs of their repertoire during the dawn chorus in other ways than during daytime (Kroodsma 2004 ).
In contrast, repertoires of other species are partitioned into discrete song categories or singing styles, which typically consist of songs differing in quality (i.e. structure), and in some species also in output (i.e. rate), and which additionally are delivered in different temporal and social contexts (Spector 1992 , Byers and Kroodsma 2009 ). Examples include many North-American paruline warblers of the genus Dendroica (reviewed in Spector 1992), field sparrow Spizella pusilla (Nelson and Croner 1991) , great reed warbler Acrocephalus arundinaceus (Catchpole 1983 ) and superb fairywrens Malurus cyaneus (Dalziell and Cockburn 2008 ). Yet, the functions of such singing styles have mostly remained enigmatic (e.g. Beebee 2004) , which is striking because the existence of singing styles in many species has been known for more than 30 years. Many "singing styles singers" show distinct seasonal and diurnal patterns of singing behavior (Spector 1992 . A general pattern seems to be that one singing style is sung by unpaired males primarily early in the season and during the day, with the likely 4 function to attract a social mate (the mate attraction hypothesis, Staicer et al. 1996) . In contrast, another singing style seems to be primarily sung by paired males during the nesting period, often showing a distinct peak during the dawn chorus. Proposed explanations include the territory defense hypothesis and the mate guarding hypothesis as well as the mate attraction hypothesis in relation to extra-pair matings (e.g. Poesel et al. 2006) . Clearly, one key to understanding the function and evolution of oscine song complexity is to better understand the details of how songbirds vary their songs in different contexts.
Two singing styles, termed type I and type II singing styles (Ewin 1976 , Nemeth 1996 , have been known to exist in the reed bunting Emberiza schoeniclus for more than 30 years. Despite this, factors influencing their use as well as their functions are still poorly understood. Nemeth (1996) suggested that type I singing style serves to attract a social mate, while the findings of Wingelmaier et al. (2007) implied that intensive use of type II singing style by paired males during daytime may serve as an 'all-clear' signal to their incubating females. Brunner (2007) revealed the existence of a third, up-to-then unknown singing style, which was subsequently qualitatively described and associated to extra-pair paternity of reed buntings by Suter et al. (2009) .
In this paper, we quantitatively investigate the evidence for the existence of three instead of two singing styles. We then examine predictions of the mate attraction hypothesis, the mate guarding hypothesis and the territory defense hypothesis by assessing if and how the use of singing styles in the reed bunting is associated to social and temporal factors. We investigated the use of singing styles throughout the breeding season to test one prediction of the mate attraction hypothesis that use of singing style is related to male pairing status. Specifically, we expected unpaired males to sing only type I singing style and paired males to sing only type II singing style (Nemeth 1996) . We assessed variation in singing style use in relation to female breeding stage. If singing styles differ in their effectiveness to repel rival males, the mate guarding hypothesis predicts singing style use to differ during and outside of the social female's fertile phase. Finally, we determined 5 variation of singing style use with respect to time of day. Because intensive dawn singing has been related to territory defense in passerines with (e.g. Forstmeier and Balsby 2002 , Liu 2004 , Liu and Kroodsma 2007 and without distinct singing styles (e.g Slagsvold et al. 1994 , Kunc et al. 2005b , we expected use of singing styles to differ before and after sunrise, a prediction consistent with the territory defense hypothesis. An alternative, not mutually exclusive explanation is that intensive dawn singing serves to attract extra-pair mates, as traits of dawn songs have been positively related to levels of extra-pair paternity in various species (Poesel et al. 2006 , Byers 2007 , Dolan et al. 2007 , including the reed bunting (Suter et al. 2009 ).
Methods

Study area and study species
We studied singing behavior of reed buntings at two wetland nature reserves in Switzerland (Pfäffikersee, 47.21 N, 08.46 E; Greifensee, 47.19 N, 08 .40 E; for further details see Pasinelli et al. 2008) . The reed bunting is a migratory, ground-nesting passerine and defends small nesting territories in old reed habitat, while foraging takes place in undefended areas of wetland vegetation adjacent to the territory. Extra-pair fertilizations are common in reed buntings, with 54-86% of the nests containing extrapair young and 30-55% of all nestlings produced being the result of extra-pair fertilizations (Dixon et al. 1994 , Bouwman et al. 2005 , Kleven and Lifjeld 2005 , Keiser 2007 , Mayer 2009 , Suter et al. 2009 ). As a part of a larger study on the population biology of reed buntings (Pasinelli and Schiegg 2006 , Pasinelli et al. 2008 ), all individuals were marked with a unique combination of one aluminum ring and three color rings. For details of catching, ringing and nest searching, see Pasinelli and Schiegg (2006) .
As soon as males returned from the wintering grounds in March, location and extent of territories were determined by noting song posts, movements and ring combination of each singing male on a map. A male was considered to hold a territory when it was seen 6 at least on two days singing at the same location. Fights for territories were regularly observed during territory establishment.
Observation sessions and song recordings
In each study site, the first five males that established territories were used for the investigations. After the arrival of the females, location, movements and ring combination of each female were also noted; the two unmarked females were caught and ringed. Data were collected from March to July 2006 from early morning until one hour before noon.
The mornings were divided into five observation sessions, each lasting one hour: bs2 = starting two hours before sunrise, bs1 = starting one hour before sunrise, s = starting at sunrise, as1 = starting one hour after sunrise and as10 = starting at 1000 hours. Time of sunrise was taken from local newspapers. Within each study site, territories were initially assigned randomly to one of the five observation sessions. Then, each territory moved two observation sessions upward for the next data collection trial, and so on. Each territory was monitored 25 times, five times per observation session, with the mean interval (SD) between two observation sessions per territory being 4.32.4 days (n=240 intervals).
Each one-hour observation session consisted of two parts: territory monitoring and song recording. Territory monitoring was used to collect information about male pairing status and female breeding stage (see below). Once the male was seen, song recording started. Each male was recorded for 30 minutes per observation session with a Sennheiser ME-66 microphone and a Marantz PMD670 recorder (.wav format, sample frequency: 44.1 kHz, resolution: 16 bit). Recordings were made whether the male sang during these 30 minutes or not, resulting in 12.5 "recording" hours per male. Singing activity was expressed as the percentage of a male's singing duration within the 30 minutes song recording time per observation session, that is, % singing activity = [singing duration (sec)/1800 (sec) x 100]. Singing duration was the sum of the length of all songs uttered per observation session, with song length as defined below (Data analysis). After song 7 recording, male and/or female were observed for the rest of the one-hour observation session.
Male pairing status and female breeding stage
Pairing was defined to have occurred when we first observed a female in a territory closely followed by the resident male, with both birds giving contact calls (Ghiot 1976 ).
The main breeding stages of a female were fertile stage, incubation stage and nestling stage. We defined the fertile stage of a female as lasting from three days before the first egg was laid until the laying of the penultimate egg (Birkhead and Møller 1992) . The incubation stage was defined as the time between the laying date of a clutch's last egg and hatching date (Glutz von Blotzheim and Bauer 1997). When we found a nest predated or flooded during the incubation stage, we took this date as the end of the incubation stage. The nestling stage was defined as the period from the hatching date until we first found the nest empty (i.e. after fledging or nest loss). Nests were checked every second to third day.
Data analysis
Differentiation of singing styles
Reed bunting songs start with a first syllable characteristic for each individual (Glutz von Blotzheim and Bauer 1997; Fig. 1 ). A song was defined to last from the initiation of this first individual-specific syllable until the end of the syllable preceding the next individual-specific first syllable (song length). To examine whether three instead of two singing styles exist, we measured song variables of 60 songs per male: 20 randomly selected songs while the male was unpaired and 40 songs while the male was paired, with 20 randomly selected songs before and after sunrise, respectively. This distinction with respect to sunrise was made, because recent findings suggested the presence of different singing styles before and after sunrise in paired males (Brunner 2007 , Suter et al. 2009 ). Differentiation of singing styles was analyzed as follows. First, we performed a kmeans cluster analysis to objectively examine the evidence for the existence of two or three singing styles. In k-means cluster analyses, the number of clusters is defined prior to the analysis. According to the hypothesis of Ewin (1976) and Nemeth (1996) , a cluster analysis with k=2 (reflecting two singing styles) should be better supported than a kmeans cluster analysis with k=3, which would correspond to the hypothesis of three singing styles. In the case of k=2, we expected one cluster to contain primarily type I songs of unpaired males (roughly 160 of the totally 480 songs, s. above) and the other cluster the remaining songs of paired males (roughly 320 songs). In contrast, we expected each of the three clusters to contain primarily one singing style in the case of k=3, with approximately 160 songs per cluster.
Second, we applied discriminant function analysis (hereafter DFA) to see how well the singing styles can be separated by the seven song variables jointly. Because our data set consisted of many non-independent data points (i.e. 20 songs per male and singing style, see above), a 'permuted discriminant function analysis' (pDFA) was used (Mundry and Sommer 2007) . In a first step, we performed a DFA with the original data using 10 randomly selected songs per male and singing style and determined the number of correctly classified songs. To avoid undue influence of the 10 particular songs selected, we repeated the random selection 100 times and performed a DFA with each of the created data sets. We then calculated the average number of correctly classified songs over all 100 DFAs. Using the same elements for deriving the discriminant functions and 9 the classification of elements can lead to an overestimate of the discriminatory power of the DFA (Mundry and Sommer 2007) . Therefore, a cross-validation procedure was applied with the other 10 songs per male and singing style not used in a given of the 100 random selection steps to calculate the average number of correctly cross-classified songs. In a second step, we then produced 1000 randomized data sets by permuting (reassigning) the songs within males across singing styles. Within each randomized data set, we again selected 10 songs per male and singing style to be used for the calculation of the discriminant functions and the number of correctly classified songs (and again used the other 10 songs for cross-validation). This resulted in a distribution of the number of correctly classified songs. Finally, to test the null hypothesis that the DFA did not perform better when classifying the original (not randomized) data than when classifying randomized data, a P value associated with the average number of correctly classified songs of the original data was derived by determining the proportion of randomized data sets revealing a number of correctly classified songs at least as large as that of the original data (Mundry and Sommer 2007) . As with the original data, a cross-validation was done on the basis of the 10 songs not selected in the 1000 DFAs with the randomized data sets; a P value for the average number of correctly cross-classified songs of the original data was obtained as just described. Prior to all DFAs, the song variables were z-transformed (Elle 2005) .
Finally, while the pDFA just described allows differentiating between the singing styles, it does not tell which of the predictor variables are primarily responsible for the discrimination. This was done with a DFA on the basis of the z-transformed original variables using all 20 songs per male and singing style (R. Mundry, pers. comm.) .
Loadings of each variable on the discriminant functions were examined, with loadings > |0.5| used for interpretation.
Variation in singing activity
Mean daily singing activity did not differ between the two study areas (MannWhitney U test, Z=-0.7, n 1 =n 2 =5, P=0.548), so areas were pooled in the following analyses. Use of singing styles in relation to male pairing status was tested with paired Wilcoxon tests based on the average singing activity per singing style per male. To examine singing activity in relation to time of day, female breeding stage and singing styles, we used linear mixed models. Because the same individuals were repeatedly sampled over the season, we accounted for the non-independence of data points by including individual as a random factor. In addition, males sometimes switched singing style within an observation period, and to account for this additional non-independence in analyses involving singing style, individual was nested within observation period and defined as a further random factor (Littell et al. 2006) . Birds were sampled regardless of singing activity (see above), causing values of the response variable to regularly include 0, particularly early in the season, and such zero-inflated response variables resulted in violations of mixed model assumptions. To account for this, we calculated an average singing activity per male to be used in the mixed models. Depending on the analysis, the averages were calculated per breeding stage (fertile, incubation, nestling) of the social female, and over the observation periods before and after sunrise (see below), respectively. Prior to mixed model analyses, singing activity was arcsine (√x)-transformed. Parameter estimates were obtained using restricted maximum likelihood.
Model fit was assessed with residual plots (Littell et al. 2006 ). Mixed models were run in 
Results
Differentiation of singing styles
K-means cluster analysis -The number of songs assigned to clusters by the cluster analysis did not appear to differ from the expected numbers per cluster, neither in the case of k=2 nor k=3 (Table 1 ). This would suggest that both hypotheses (i.e. 2 or 3 singing styles) were equally supported. However, the distribution of the songs according to singing styles shows that the k=3 cluster solution was much more appropriate than k=2, 11 because each cluster mainly corresponded to one of the three singing styles. Under k=3, cluster 1 contained 80.4% (135 out of totally 168) songs of type I singing style, cluster 2 99.3% songs of type II singing style and cluster 3 74.1% songs of type III singing style (Table 1) . On the other hand, the k=2 cluster analysis was unable to separate type I singing style of unpaired males from the singing style(s) of paired males (types II and III), because the 307 songs assigned to cluster 2 consisted to almost equal percentages of type I songs and the combined type II and III songs (Table 1) . That is, almost 48% of songs of paired males were not correctly assigned to cluster 1, which only contained songs of paired males (Table 1 ).
Discriminant function analyses
The 100 DFAs, each based on 10 randomly selected songs per male and singing style of the original data set, correctly classified an average of 223.3 of the 240 songs (93.0%). The P value associated with this classification was 0.001, which means that the number of correctly classified songs of the randomized data sets exceeded the above average of the original data in only very few cases. Similarly, cross validation of the songs not used in the previous DFAs on the original data resulted in a correct cross-classification of 220.4 songs (91.8%), which was again a significantly better classification (P=0.001) than expected by chance. Thus, the ability of the DFA to discriminate between the three 'true' singing styles was significantly better than its ability to discriminate between three 'random' singing styles.
Further, DFA revealed two discriminant functions (Fig. 2) , which were interpreted in conjunction with the discriminant loadings of the seven variables (Table 2) . Accordingly, the first discriminant function, which explained 93% of the variance, was dominated by the variables FI and SI. The dominating variables of the second discriminant function were NDS and NS. To discriminate the singing styles on the basis of these two discriminant functions the means of the two functions were considered. These means are based on the contributions of all variables, with the contributions weighted by the respective discriminant function loadings. On the one hand, the first discriminant function differentiated all three singing styles in terms of FI and SI (Table 2) , with FI increasing and SI decreasing from type I to type III singing styles, respectively (Table 3) . On the other hand, based on the means of the second discriminant function ( 
Factors influencing use of singing styles
The switch from type I singing style to type II and III singing styles, respectively, was related to male mating status. Type I singing style was significantly more often sung by unpaired males (median, interquartile range, 13.3%, 7.9-22.4%) than by paired males (0.0%, 0.0-2.4%) (Wilcoxon test, Z=-2.8, n=10, P=0.005). That the switch of singing styles was related to male pairing status and not simply a seasonal effect is shown by the peaks of type I singing style late in the season (Fig. 3) , which originated from two males having lost their mates and thus being unpaired again. In contrast, type II and III singing styles combined were significantly more often sung by paired males (16.8%, 15.5-19.5%) than unpaired males (0.0%, 0.0-0.8%) (Z=-2.8, n =10, P=0.005, Fig. 3 ).
Use of singing styles by paired males did not differ between the breeding stages of females (Fig. 4) , as indicated by the non-significant interaction between style and stage in Table 4a . Furthermore, no differences in the relative amount of time singing type II and III singing styles were found (Table 4a , effect of style). However, the overall amount of singing differed between stages (Table 4a, To explore if changes in singing activity over the morning were related to singing styles, the observation periods before sunrise (bs2 and bs1) and after sunrise (s, as1 and a10), respectively, were combined. There was a significant interaction between the variables singing style and sunrise (Table 4b , Fig. 5 ). Type III singing style was sung 13 significantly more frequently before than after sunrise (Tukey post-hoc test, P<0.001), while type I (P=0.379) and type II singing styles (P=0.686), respectively, were sung equally before and after sunrise (Fig. 5) . Additionally, the analysis revealed significant differences in use of singing styles (Table 4b , effect of singing style), with type III being sung more often than type I (Tukey test, P=0.012), but not than type II (P=0.207), and no difference existing between the types I and II (P=0.401). Finally, males spent significantly more time singing before than after sunrise (Table 4b , effect of sunrise, Fig.   5 ).
Discussion
Differentiation of singing styles
We have shown on a quantitative basis the existence of three singing styles in the reed bunting. The three singing styles were clearly distinguishable based on first intrasong interval (FI), song interval (SI), number of different syllables (NDS) and number of syllables (NS). According to the statistical analyses, FI increased, and SI decreased, in duration from type I to type III singing styles, while type I and type III singing styles were more complex (i.e. had higher NDS and NS) than type II singing style. That the existence of a third singing style in addition to the long-known two singing styles (Ewin 1976 , Nemeth 1996 has only recently been detected (Brunner 2007 ) is surprising for two reasons. First, reed buntings have been subject to several intense studies on mating system, sexual selection and/or song behaviour (e.g. Nemeth 1996 , Matessi et al. 2000 , Bouwman et al. 2005 , Kleven and Lifjeld 2005 , Keiser 2007 , Wingelmaier et al. 2007 ).
Second, type III singing style is not cryptic and can quite easily be recognized in the field.
Why, then, did previous researchers fail to become aware of type III singing style? One reason may be that early researchers did not use sufficient song variables allowing separation of the three singing styles. When Ewin (1976) first described type I and type II singing styles, he discriminated them only by FI and used 0.15 seconds as cut-off point. This is remarkably close to the mean FI for type I singing style found in our study (0.13 14 seconds, Table 3 ), but values of FI above 0.15 seconds do not only reflect songs of the type II singing style (mean value in our study 0.43 seconds), but also of type III singing style (0.51 seconds). In fact, FI allows easy separation of type I singing style from the other two singing styles (Table 3 ). Another explanation for the inability of previous studies to find the type III singing style relates to differences in song recording times.
Although Nemeth (1996) successfully discriminated type I and II singing styles on the basis of several variables, song recordings were restricted to the first six hours after sunrise (Nemeth 1996) . In contrast, song recordings in Brunner (2007, this study) and Suter et al. (2009) started well before dawn. Since reed buntings mainly sing type III singing style before but hardly after sunrise, Nemeth (1996) likely recorded only few songs of the type III singing style, but mostly songs of the type II singing style, resulting in insufficient power to discriminate between these two singing styles. Interestingly, Nemeth (1996) did mention that songs of type II singing style were at times performed almost continuously.
Factors affecting singing style use
Male pairing status affected the use of singing styles. Unpaired males sang songs of the type I singing style significantly more often than paired males. It is noteworthy that the apparent seasonal pattern in singing style use was in fact only caused by male pairing status as evidenced by two males, which became unpaired late in the season and then exclusively sang type I singing style. Therefore, this study confirmed the suggestion of Nemeth (1996) that the change from type I to type II (and type III, this study) singing style in reed buntings is related to the singer's mating status. These results are consistent with the mate attraction hypothesis, suggesting that attraction of a social mate is accomplished by one specific singing style in species with distinct singing styles . Similarly, other species using two or more singing styles have been shown to We found no support for a mate guarding function of particular singing styles (the mate guarding hypothesis), since use of singing styles did not change in relation to the breeding stages of the social female. That distinct singing styles could serve for mate guarding has so far not been reported from other "singing style singers" either, and evidence for acoustic mate guarding in passerines, originally proposed by Møller (1988) , is in general weak (e.g. Rodrigues 1996 , Fedy et al. 2002 , Gill et al. 2005 . Our results contrast with Nemeth (1996) , who found that the frequency of type II singing style increased during the fertile stage of females and peaked when females started incubating.
Comparisons between these studies are difficult, because Nemeth (1996) recorded different numbers of individuals over the breeding stages of the females. Since individuals vary in singing activity (Brunner 2007 , Wingelmaier et al. 2007 ), the same individuals should be compared across breeding stages. Furthermore, in contrast to our study, Nemeth (1996) recorded songs during the first six hours after sunrise, when singing activity is lower than before sunrise. Therefore, the enormous song output of type III singing style in the two hours before sunrise was not included in Nemeth's (1996) estimates of singing activity.
Use of the singing styles differed in relation to time of day. Before sunrise, males primarily used type III singing style, which was hardly sung after sunrise. The dawn chorus of paired reed buntings thus consists almost exclusively of songs of the type III singing style (Fig. 5) , while daytime singing activity primarily consists of type I (in 
Possible functions of singing styles
Although the existence of singing styles in the reed bunting has been known for over 30 years, relatively little work has been done to uncover their functions. Type I singing style appears primarily to serve for attraction of a social mate, given the pattern of singing style use in relation to male pairing status. These results are consistent with findings from Nemeth (1996) . In addition, that songs of type I singing style were relatively complex supports the idea of a female attraction function of this singing style, because the production of complex songs has been associated with female mate choice (e.g. Catchpole and Leisler 1996, Forstmeier and Balsby 2002) . At the same time, a territorial function of type I singing style cannot be dismissed, since territory defense is an important component of the reed bunting's social system throughout the season, and song playbacks of type I singing style elicited quick responses of paired males (Brunner 2007) .
Because type II singing style was only sung by paired males, type II singing style does not seem to serve to attract a social female (polygyny is rare in reed buntings, Glutz von Blotzheim and Bauer 1997, own unpublished data). Wingelmaier et al. (2007) suggested that the singing of paired reed buntings throughout the day (i.e. type II songs) is directed to their incubating and feeding females, so that one function of type II singing style (not necessarily the only or even main function) could be an "all-clear" signal, indicating that it is safe for the female to leave the nest. Unlike Wingelmaier et al. (2007) , however, we found no difference across female breeding stages in the use of type II singing style, suggesting that, at least during the fertile stage, mate songs of the type II singing style do not necessarily serve as an 'all-clear' signal. Another possible function of type II singing style (and possibly type III singing style as well) may be maintenance of pair-bond (Greig-Smith 1982) , because reed buntings raise several broods per breeding season (Ghiot 1976 , Pasinelli et al. 2008 . Males that became unpaired did not re-mate in that season (G. Pasinelli, pers. obs.) , suggesting that keeping the mate may be important for male reproductive success. Alternatively, type II singing style may be addressed to females other than the social one. However, we consider this to be unlikely because songs of type II singing style exhibited comparatively low structural diversity, hence being in contrast to previous findings on female mate choice and song complexity. Finally, type II singing style may also be directed to males and thus have territorial function, which is suggested by playback experiments with this singing style (Brunner 2007) . Cleary, experimental and observational studies on female behavior are needed to clarify the function(s) of type II singing style.
Type III singing style was also only sung by paired males and almost exclusively during the dawn chorus. In addition, the percentage of time spent singing this style did not change across the breeding stages of their social females. These findings imply that type III singing style a) does not serve to attract a social mate and b) is not primarily linked to the own female's fertile stage. Type III singing style may thus have an intrasexual, territorial function, since dawn singing in many passerines has been related to territory defense (e.g. great tit Parus major: Slagsvold et al. 1994 , nightingale Luscinia megarhynchos: Kunc et al. 2005b) , consistent with the territory defense hypothesis. Alternatively, the intensive use of type III singing style during dawn and the structural complexity of type III songs may suggest a role of this singing style in the context of extra-pair fertilizations (see Methods), either by attracting females or by allowing them an assessment of male quality. In fact, reed bunting males singing at high rate and with increased diversity during the dawn chorus were more likely to gain extra-pair paternity than males singing at low rate and diversity (Suter et al. 2009 ). That aspects of singing performance may be relevant for extra-pair success has been shown in other species as well (great reed warbler: Hasselquist et al. 1996 , dusky warbler: Forstmeier et al. 2002 blue tit Cyanistes caeruleus: Poesel et al. 2006 , chestnut-sided warbler: Byers 2007 .
However, levels of extra-pair paternity were neither related to song diversity nor to temporal song output in comparative analyses within and between species (Garamszegi and Møller 2004) . Both extra-pair success and song performance have been shown to be age-dependent (e.g. Bouwman et al. 2007) , so the assumed link between singing performance and extra-pair success may be confounded by age differences and not necessarily be causal. Clearly, experiments and detailed behavioral studies are needed to address the function of the early morning singing effort, and hence of type III singing style, for territory defense and extra-pair matings in the reed bunting.
Patterns and functions suggested for reed bunting singing styles resemble those from other species with distinct singing styles. For example, Dendroica wood warblers and closely related taxa have two distinct singing styles. So-called first-category songs dominate during daytime, are primarily uttered by unpaired males and appear to be mainly used in male-female communication (Spector 1992 , thus mirroring type I singing style in the reed bunting. Second-category songs are used during dawn and in territorial conflicts and appear to be more elaborate than first-category songs.
Second-category songs thus resemble type III singing style of the reed bunting.
In conclusion, our study adds support to the mate attraction hypothesis and the territory defense hypothesis, but not to the mate guarding hypothesis. Different singing styles of reed buntings appear to serve different functions, i.e. attraction of a social mate and territory defense, and additional functions, for example in relation to extra-pair fertilization, are likely. As the recent discovery of the novel type III singing style shows, careful song recording and analyses may still provide new insights into the song behavior even of relatively well-studied species. Yet, to decode the additional information likely contained in the singing styles of this and other species, comprehensive approaches addressing social, environmental, genetic and neural aspects are needed. This will advance our understanding of how natural and sexual selection have shaped the functions of distinct singing styles and also shed light on the evolution of animal communication systems. 28 the singing styles previously described by Ewin (1976) and Nemeth (1996) , Type III is the singing style discovered by Brunner (2007) . Table 2 and text. N=480 songs. 
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